as outlined in the appendix S1. The HCA model was run considering these oxygen maps, following the evolution of cancer cells 64 in the micro-environment, recording not only cell position but the divisional age of cells (i.e. the number of total divisions in determined from this experimental data, a major benefit of using glioblastoma sections is that necrosis in these cancers is 82 strongly associated with hypoxia, so that necrotic boundaries could be treated as a reliable proxy for hypoxia even without 83 explicit oxygen concentrations. This assumption is justified in more detail in the discussion section. A co-registration algorithm 84 was written for this work, which identifies features in adjacent slides and aligns the images. Once images were co-registered, Evolutionary pressure of hypoxia 91 From the quantification of clinical data discussed above, we can now investigate the hypothesis that cells in the hypoxic niche 92 are at higher risk of mutation. For a clonogenic cell, we assume that the rate at which mutations are accumulated per unit 93 time, γ is related to the division rate g and the intrinsic risk of mutation per division, r d . It follows that for multiple divisions, 
